US009445401B2

a2 United States Patent
Wang

US 9,445,401 B2
Sep. 13, 2016

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

@
(22)

(65)

(63)

(1)

(52)

(58)

Frequency
domain

METHOD AND DEVICE FOR
TRANSMITTING A CONTROL CHANNEL
MAPPED TO ONE OR MORE CONTROL
CHANNEL ELEMENTS

Applicant: Huawei Device Co., Ltd., Shenzhen,
Guangdong (CN)

Inventor: Jian Wang, Beijing (CN)

Assignee: Huawei Device Co., Ltd., Shenzhen
(CN)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 136 days.

Appl. No.: 14/087,913

Filed: Nov. 22, 2013

Prior Publication Data

US 2014/0078999 Al Mar. 20, 2014

Related U.S. Application Data

Continuation of application
PCT/CN2012/079279, filed on Jul. 27, 2012.

No.

Int. CL.

HO4W 72/04 (2009.01)

HO4L 5/00 (2006.01)

U.S. CL

CPC ... HO4W 72/0406 (2013.01); HO4L 5/0053

(2013.01); HO4L 5/0007 (2013.01); HO4W
72/0446 (2013.01)
Field of Classification Search
None
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS
2011/0268062 Al

2012/0040704 Al
2013/0039284 Al*

11/2011 Ji et al.
2/2012 Kim et al.
2/2013 Marinier HO4L 5/001

370/329

(Continued)

FOREIGN PATENT DOCUMENTS

CN 102395206 A 3/2012
CN 102420685 A 4/2012
(Continued)

OTHER PUBLICATIONS

“Search spaces for ePDCCH,” 3GPP TSG-RAN WGI1 Meeting
#68bis, Jeju, Republic of Korea, R1-121022, 3" Generation Part-
nership Project, Valbonne, France (Mar. 26-30, 2012).

(Continued)

Primary Examiner — Yemane Mesfin
Assistant Examiner — Peter Chen
(74) Attorney, Agent, or Firm — Leydig, Voit & Mayer, [td.

(57) ABSTRACT
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ating at least one eCCE, and transmitting the control channel
through the at least one eCCE, where a process of generating
each eCCE specifically includes: determining at least two
physical resource block (PRB) pairs for transmitting the
control channel, where each PRB pair of the at least two
PRB pairs correspond to multiple enhanced resource ele-
ment groups eREGs and the multiple eREGs have eREG
attribute information that is not exactly the same; and
selecting each eREG from the multiple eREGs correspond-
ing to each PRB pair, where the selected eREGs have
different eREG attribute information, and forming an eCCE
with the selected eREGs. Embodiments of the present inven-
tion are applied to implement generation of an eCCE accord-
ing to an eREG, so as to transmit an enhanced control
channel through the eCCE.

9 Claims, 4 Drawing Sheets

¢CCEnumber| 0|1 2 3 4 5 6 7 8 9 1011 12(13|14|15
A0 13AY) A | SAD | 1A HHM HHH” oA San | 1tam | 1343 | a4 ¢ PRBnumber| 010 0 0 0 0 ¢ 0 ¢ ¢ 0 0 00|00
a0 ues wen | oy | e [ wes | wo | ues | eREG_‘ Portnumber |[A|B C D A B C D A B C D A|B|C|D
3T, 1S(C3) IO | HC) | MO | 13AD | 1SC3) 11(G2) TG | 3CH | 1503 | 1HC2) | AN T ‘ Location ol1 23 1 2302301 30|12
DO 1603 12D | KD | 400 | 14B3) | 16D 1202 DY | D0 1603 | 1202 | 6B 8DY ;PR‘;:’;LH] P I IR Y Y P
SAD AN 13A3) | %A2) | SR | A | 3O 13A3) A2 | KAl | A0 | 1A | XA 11C) ‘
§B.1) 2B0) [4B3)|10(B.2) | 6(B.1) HHM HHH” 14B3) 1082 | 6B.1) | 28.0) | 14B.3) HHHHHHH" eREGH PO"“‘“."ber BICDABCDABCDAB|CIDA
ACH HCH  1XCH) | 1KC) | HCD) HHM HHH” 15(C3) 1(C2) | KO | 3G | 15(C3) ‘ I;ﬁﬂ%gf 112302301301 20123
SDD)  4DO 1603 1202 | 0.0 | 280 | 4D 1603 1202 | DL | 400 | 1603 [ 102 1202 ¢ PRBrumber|2|2 2 2 2 2 2 2 2 2 2 2 2|2]2]2
oA SAD  LAM |13AD | %A | SAD | HCD  AD 13AD | %A | StAD | 1AM | 13A3) 1€ eREG‘ portnumber | ¢ 1D A B CDABCDAGBCIDlAlB
10B2) 6B 2RO | 14B3) | 1002 | 6B | SO 2B KB | 10B2) | 6M01) | AB9) | 14BH 16D Towion 513 01 3 0 1 2 01 2 s
IED HCI) GO | 15CH | 1(C2) HHM HHH” sCo 15C3) | e | ren | xen | number
12D2) (O HDO | L6D3) | 12(D.2) HHM HHH” DO 163 | 12(D2) | 8D, | ADB Hw:l%ﬂ‘ "PRB““""’“ 3133333333333 3/3/33
eREG) Portmumber [D|4A B C D AB CD A B C D|a|B|C
Time domain \';“";2%2" 300 1201231230 2(3/0f1




US 9,445,401 B2

Page 2
(56) References Cited FOREIGN PATENT DOCUMENTS
U.S. PATENT DOCUMENTS CN 102469589 A 5/2012
CN 102612094 A 7/2012
2013/0215842 Al* 82013 Hanetal. ............ 370/329
2013/0223332 Al 8/2013 Wau et al. OTHER PUBLICATIONS
2013/0242890 Al* 9/2013 Heetal .............. 370/329 . . .
2013/0272214 Al1* 10/2013 HO4W 28/02 “Details ofmultlplexmg of DCI messages,” 3GPP TSG-RAN WG1
370/329 Meeting #68bis, Jeju, Republic of Korea, R1-121023, 3" Genera-
2013/0301562 Al* 11/2013 Liao etal. ......ccceenen. 370/329 tion Partnership Project, Valbonne, France (Mar. 26-30, 2012).
2013/0308557 Al* 11/2013 Gao ........... HO04W 72/0406 “On ePDCCH Multiplexing,” 3GPP TSG RAN WG1 Meeting
370/329 #68bis, Jeju, Republic of Korea, R1-121319, 3" Generation Part-
2014/0071934 Al1*  3/2014 Frenne ef al. ............... 370/330 nership Project, Valbonne, France (Mar. 26-30, 2012).
2014/0328301 Al* 11/2014 Kim ..o HO4L 5/0053 “UE-specific Search Space Design for Enhanced Downlink Control
370/329 Channel,” 3GPP TSG-RAN WGI1 Meeting #69, Prague, Czech
2015/0003349 Al*  1/2015 Kim ..o HO04W 72/042 Republic, R1-122069, 3" Generation Partnership Project, Valbonne,
370/329 France (May 21-25, 2012).
2015/0016386 Al* 1/2015 Tamrakar et al. ............ 370/329 “Views on Resource Mapping for ¢ePDCCH,” 3GPP TSG RAN
2015/0131565 Al* 5/2015 Nakashima ........... HO04L 1/0026 WG1 Meeting #69, Prague, Czech Republic, R1-121977, 3™ Gen-
370/329 eration Partnership Project, Valbonne, France (May 21-25, 2012).
2015/0189640 Al*  7/2015 Lee ..o HO4L 5/0053
370/329 * cited by examiner



U.S. Patent Sep. 13,2016 Sheet 1 of 4 US 9,445,401 B2

—101
Generate at least one eCCE

Y

Transmit a control channel through the generated 102
at least one eCCE

FIG. 1A



US 9,445,401 B2

Sheet 2 of 4

Sep. 13, 2016

U.S. Patent

41 'DId
Urewop oWl
(cwr | C'ws | T | (€91 | DY (e | (€9t | vy | Gws | o
O | (1O | @1 | (€D)ST | (0D)€ @1t | (€os1 | (0 | (o) | 1T
(€t | (€p1 | (0T | (Y9 | (Dot | (cDr1 | 0 | T'@s | (Y9 | (TDo1 | ('DrT | (0T | (I'D9 | @Do1
(€1 | (g'Wer | W1 | O'Ws | @Ve [(€WeT | (W1 | QDL | 'V | @6 | (€WeT | (0T | (U'VIs | @TV6
T | Dot | (@9t | '@y | T'D8 | T@zI | (€91 | '@¥ | (DT | T'@8 | (T | (€@91 | (C@r | ('D8
(€1 | (¢ | DL | @11 | (£D)ST e | @1 | (€)s1 | ()¢ | D)L
€Dy | (0Dz | D9 | @DoT | (€DYT ey | @Dor | €Dy1 | (DT | D9
@1 | @we | v | w1 | Vs | (@6 | (€wer | (e | W1 | 'w)s | @6 | Cewer | (w1 | (1V)s \j
G@s | 0Dy | @@ | €@91 | 0Dy | T°@8 | (T@Tr | (€'@9T | (€'DyT | (0D | T'@8 | @1 | (€'D9T | O'D¥ m_,w”_%%m
(oL | ('ws | @11 | (€)s1 | (o€ | ()L | @11 | (€)sT | (€wer | (e | ('L | @O)n | (€D)s1 | (0D)€
(ot | €yt | e | (9 | (TDoT (oee | (g9 | (o1 | (€DrT | (0A)T
@ve | cwer| w1 | G'ws | @v)6 (0wt | ('w)s | Tw6 | (€WEr | 0V




U.S. Patent Sep. 13,2016 Sheet 3 of 4 US 9,445,401 B2

20
1

Generate at least one eCCE

v

Select at least two eCCEs from the generated eCCEs, 20

where among eREGs of the at leasttwo eCCEs, | 2

eREGs belonging to a same PRB pair have different
resource port number information

¢ 20
Transmit a control channel through the selected at least,— 3
two eCCEs
FIG. 2A

eCCEnumber| 0 |1 |23 |4 |5]|6|7|8|9/|10/11/12]13/14]|15

PRB number |6 |0 |0 |0 |0 /0/0|0|0|0|0|/0|0|0|0|O0

Portnumber A | B|C|D A|/B|C|D/A/B/C/D A B|C|D
eREG

Location ||y 1513|1213 /0(2/3]|0/1/3]0]1]2
number

PRBnumber| 1 |1 |1 1|1 |1 1 1|11 |1 |1 1|1 1|1

eREG+ | Portnumber |B|C /DA /B |C /D|A|B|C|D A B|CDA

Location |y 15131 ¢g|2(3/0/1(3]0|1/2/0/1/2]3
number

PRBnumber |2 |2 2|22 22222222222

eREGY | Portnumber |C |D|A|B /C /D AB|C|D/AB|C/DAB

Location |5 13 1o 1|3 0/1/2]0/1]2/3/1/2]3]0
number

PRBnumber |3 |3 3|3 |/3|3/3|3/3[/3/3|3/3[/3|3]3

eREGY | Portnumber | DA |B|C /D/A/B|C|D/AB|C/DAB|C

Location | 31511 12]g 1/2/3/1]2/3/0/2/3]0]1
number




U.S. Patent Sep. 13,2016 Sheet 4 of 4 US 9,445,401 B2

Apparatus for transmitting
a control channel
310

Generation unit

320

/[

Transmission unit

FIG. 3
420 430
- T
Selection unit Transmission
unit
410
S

Apparatus for
transmitting a control
channel

Generation
unit

FIG. 4

Device for transmitting

a control channel
510

Processor

520

Transmitter

FIG. 5



US 9,445,401 B2

1
METHOD AND DEVICE FOR
TRANSMITTING A CONTROL CHANNEL
MAPPED TO ONE OR MORE CONTROL
CHANNEL ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Patent
Application No. PCT/CN2012/079279, filed on IJul. 27,
2012, which is hereby incorporated by reference in its
entirety.

TECHNICAL FIELD

The present invention relates to the field of communica-
tions technologies, and in particular to a method and a
device for transmitting a control channel.

BACKGROUND

In a wireless communications system such as a long term
evolution (Long Term Evolution, LTE) system or a long
term evolution advanced (Long Term Evolution Advanced,
LTE-Advanced) system, a downlink multiple access mode
generally is an orthogonal frequency division multiple
access (Orthogonal Frequency Division Multiple Access,
OFDMA) mode. Downlink resources of a system are
divided into a plurality of orthogonal frequency division
multiplexing (Orthogonal Frequency Division Multiplexing,
OFDM) symbols from the perspective of time. The down-
link resources of the system are also divided into a plurality
of subcarriers from the perspective of frequency. In the LTE
system, a complete physical downlink control channel
(Physical Downlink Control Channel, PDCCH) may be
mapped to one or several control channel elements (Control
Channel Element, CCE). According to LTE Release 8/9/10,
a PDCCH may be mapped to 1 (one), 2 (two), 4 (four), or
8 (eight) CCEs, that is, a PDCCH is formed from the 1, 2,
4, or 8 CCEs, which respectively corresponds to an aggre-
gation level 1, 2, 4, or 8 of the PDCCH. Furthermore, each
CCE is formed from 9 (nine) resource element groups
(Resource Element Group, REG), and a REG occupies 4
(four) resource elements (Resource Element, RE).

Inthe L'TE or LTE-Advanced system, a physical downlink
control channel (Physical Downlink Control Channel,
PDCCH) transmitted based on a manner of precoding is
introduced, that is, an enhanced physical downlink control
channel (Enhanced Physical Downlink Control Channel,
ePDCCH). The ePDCCH allows that a user equipment (User
Equipment, UE) is capable of carrying out demodulation
based on specific reference signals, that is, the demodulation
reference signals (Demodulation Reference Signal, DMRS).
The ePDCCH is transmitted in a region for transmitting a
downlink data channel in a subframe, and frequency divi-
sion can be performed for it and a physical downlink shared
channel (Physical Downlink Shared Channel, PDSCH). A
base station may send the ePDCCH on a unit physical
resource block (Physical Resource Block, PRB) with a good
channel condition according to a channel status reported by
a terminal. REs forming each PRB can be divided into
multiple enhanced resource element groups (Enhanced
Resource Element Group, eREG), and each eREG includes
a specified number of REs.

In the conventional art, although the ePDCCH is intro-
duced and a manner of generating an eREG on a PRB is
provided, a manner of generating an enhanced control

20

25

30

35

40

45

50

55

60

65

2

channel element (Enhanced Control Channel Element,
eCCE) according to an eREG so as to transmit an enhanced
control channel such as an ePDCCH through the eCCE is
blank in the conventional art.

SUMMARY

Embodiments of the present invention provide a method,
an apparatus, and a device for transmitting a control channel,
so as to implement generation of an eCCE according to an
eREG, thereby transmitting an enhanced control channel
through the eCCE.

To solve the technical problem described above, the
embodiments of the present invention disclose the following
technical solutions:

In one aspect of the present invention, a method for
transmitting a control channel is provided, where the method
includes:

generating at least one enhanced control channel element
eCCE; and

transmitting the control channel through the at least one
eCCE; where:

a process of generating each eCCE specifically includes:

determining at least two physical resource block PRB
pairs for transmitting the control channel, where each PRB
pair of the at least two PRB pairs is corresponding to
multiple enhanced resource element groups eREGs and the
multiple eREGs have eREG attribute information that is not
exactly the same; and

selecting an eREG from the multiple eREGs correspond-
ing to each PRB pair, where the selected eREGs have
different eREG attribute information, and forming an eCCE
with the selected eREGs.

In combination with the one aspect, in a first possible
implementation manner, each eREG among the multiple
eREGs includes a specified number of resource elements
REs, resource elements REs included in each PRB pair are
divided according to the specified number to obtain multiple
groups, and each group is corresponding to an eREG.

In combination with the one aspect or the first possible
implementation manner, in a second possible implementa-
tion manner,

the eREG attribute information includes resource location
information, and that the selected eREGs have different
eREG attribute information refers to that the selected eREGs
have different resource location information; or

the eREG attribute information includes resource port
number information, and that the selected eREGs have
different eREG attribute information refers to that the
selected eREGs have different resource port number infor-
mation; or

the eREG attribute information includes resource location
information and resource port number information, and that
the selected eREGs have different eREG attribute informa-
tion refers to that the selected eREGs have different resource
location information, or that the selected eREGs have dif-
ferent resource port number information, or that the selected
eREGs have different resource location information and
resource port number information.

In combination with the second possible implementation
manner, in a third possible implementation manner, the
eREG attribute information further includes the number of
punches of an RE; and

that the selected eREGs have different eREG attribute
information further includes that the selected eREGs have
different numbers of punches.
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In combination with the one aspect, the first possible
implementation manner, the second possible implementa-
tion manner, or the third possible implementation manner,
the method further includes:

selecting at least two eCCEs from the generated eCCEs,
where among eREGs of the at least two eCCEs, eREGs
belonging to a same PRB pair have different resource port
number information; and

the transmitting the control channel through the at least
one eCCE is specifically: transmitting the control channel
through the selected at least two eCCEs.

In another aspect of the present invention, an apparatus
for transmitting a control channel is provided, where the
apparatus includes:

a generation unit, configured to generate at least one
enhanced control channel element eCCE; and

a transmission unit, configured to transmit the control
channel through the at least one eCCE generated by the
generation unit; where:

the generation unit is specifically configured to determine
at least two physical resource block PRB pairs for transmit-
ting the control channel when each eCCE is generated,
where each PRB pair of the at least two PRB pairs is
corresponding to multiple enhanced resource element
groups eREGs and the multiple eREGs have eREG attribute
information that is not exactly the same; and select an eREG
from the multiple eREGs corresponding to each PRB pair,
where the selected eREGs have different eREG attribute
information, and form an eCCE with the selected eREGs.

In combination with the another aspect, in a first possible
implementation manner, each eREG among the multiple
eREGs includes a specified number of resource elements
REs, resource elements REs included in each PRB pair are
divided according to the specified number to obtain multiple
groups, and each group is corresponding to an eREG.

In combination with the another aspect or the first pos-
sible implementation manner, in a second possible imple-
mentation manner,

the eREG attribute information includes resource location
information, and that the selected eREGs have different
eREG attribute information refers to that the selected eREGs
have different resource location information; or

the eREG attribute information includes resource port
number information, and that the selected eREGs have
different eREG attribute information refers to that the
selected eREGs have different resource port number infor-
mation; or

the eREG attribute information includes resource location
information and resource port number information, and that
the selected eREGs have different eREG attribute informa-
tion refers to that the selected eREGs have different resource
location information, or that the selected eREGs have dif-
ferent resource port number information, or that the selected
eREGs have different resource location information and
resource port number information.

In combination with the second possible implementation
manner, in a third possible implementation manner, the
eREG attribute information further includes the number of
punches of an RE; and

that the selected eREGs have different eREG attribute
information further includes that the selected eREGs have
different numbers of punches.

In combination with the another aspect, the first possible
implementation manner, the second possible implementa-
tion manner, or the third possible implementation manner,
the apparatus further includes:
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4

a selection unit, configured to select at least two eCCEs
from the eCCEs generated by the generation unit, where
among eREGs of the at least two eCCEs, eREGs belonging
to a same PRB pair have different resource port number
information; and

the transmission unit is specifically configured to transmit
the control channel through the at least two eCCEs selected
by the selection unit.

In still another aspect of the present invention, a device
for transmitting a control channel is provided, where the
device includes:

a processor, configured to generate at least one enhanced
control channel element eCCE; and

a transmitter, configured to transmit the control channel
through the at least one eCCE generated by the processor;
where:

the processor is specifically configured to determine at
least two physical resource block PRB pairs for transmitting
the control channel when each eCCE is generated, where
each PRB pair of the at least two PRB pairs is corresponding
to multiple enhanced resource element groups eREGs and
the multiple eREGs have eREG attribute information that is
not exactly the same; and select an eREG from the multiple
eREGs corresponding to each PRB pair, where the selected
eREGs have different eREG attribute information, and form
an eCCE with the selected eREGs.

In combination with the still another aspect, in a first
possible implementation manner, each eREG among the
multiple eREGs includes a specified number of resource
elements REs, resource elements REs included in each PRB
pair are divided according to the specified number to obtain
multiple groups, and each group is corresponding to an
eREG.

In combination with the still another aspect or the first
possible implementation manner, in a second possible
implementation manner,

the eREG attribute information includes resource location
information, and that the selected eREGs have different
eREG attribute information refers to that the selected eREGs
have different resource location information; or

the eREG attribute information includes resource port
number information, and that the selected eREGs have
different eREG attribute information refers to that the
selected eREGs have different resource port number infor-
mation; or

the eREG attribute information includes resource location
information and resource port number information, and that
the selected eREGs have different eREG attribute informa-
tion refers to that the selected eREGs have different resource
location information, or that the selected eREGs have dif-
ferent resource port number information, or that the selected
eREGs have different resource location information and
resource port number information.

In combination with the second possible implementation
manner, in a third possible implementation manner, the
eREG attribute information further includes the number of
punches of an RE; and

that the selected eREGs have different eREG attribute
information further includes that the selected eREGs have
different numbers of punches.

In combination with the still another aspect, the first
possible implementation manner, the second possible imple-
mentation manner, or the third possible implementation
manner, the processor is further configured to select at least
two eCCEs from the generated eCCEs, where among eREGs
of the at least two eCCEs, eREGs belonging to a same PRB
pair have different resource port number information; and
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the transmitter is specifically configured to transmit the
control channel through the at least two eCCEs selected by
the processor.

In the embodiments of the present invention, at least one
eCCE is generated and a control channel is transmitted
through the at least one eCCE; when each eCCE is gener-
ated, at least two PRB pairs for transmitting the control
channel are determined, where each PRB pair of the at least
two PRB pairs corresponds to multiple eREGs and the
multiple eREGs have eREG attribute information that is not
exactly the same; each eREG is selected from the multiple
eREGs corresponding to each PRB pair, where the selected
eREGs have different eREG attribute information; and an
eCCE is formed from the selected eREGs. The embodiments
of the present invention are applied to implement generation
of an eCCE according to an eREG, so as to transmit an
enhanced control channel through the eCCE; because the
eREGs of the eCCE for transmitting the enhanced control
channel have different eREG attribute information, a feature
of full frequency diversity of the eCCE is ensured when
these eREGs belong to different PRBs, a feature of full space
diversity of the eCCE is ensured when these eREGs belong
to different resource ports, and robust performance of the
eCCE is ensured when resource locations of RE resources
included in these eREGs are different.

BRIEF DESCRIPTION OF DRAWINGS

To illustrate the technical solutions in the embodiments of
the present invention or in the prior art more clearly, the
following briefly introduces the accompanying drawings
required for describing the embodiments. Apparently, the
accompanying drawings in the following description show
merely some embodiments of the present invention, and a
person of ordinary skill in the art may still derive other
drawings from the accompanying drawings without creative
efforts.

FIG. 1A is a flow chart of an embodiment of a method for
transmitting a control channel according to the present
invention;

FIG. 1B is a schematic diagram of a PRB pair according
to an embodiment of the present invention;

FIG. 2A is a flow chart of another embodiment of a
method for transmitting a control channel according to the
present invention;

FIG. 2B is a schematic diagram of a manner of numbering
eCCEs according to an embodiment of the present inven-
tion;

FIG. 3 is a block diagram of an embodiment of an
apparatus for transmitting a control channel according to the
present invention;

FIG. 4 is a block diagram of another embodiment of an
apparatus for transmitting a control channel according to the
present invention; and

FIG. 5 is a block diagram of an embodiment of a device
for transmitting a control channel according to the present
invention.

DESCRIPTION OF EMBODIMENTS

The following embodiments of the present invention
provide a method, an apparatus, and a device for transmit-
ting a control channel.

In order to make persons skill in the technical field better
under the technical solutions in the embodiments of the
present invention, and make the objects, features, and
advantages of the embodiments of the present invention
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6

easier to understand, the following further describes the
technical solutions in the embodiments of the present inven-
tion in detail with reference to the accompanying drawings.

In a wireless communications system such as a long term
evolution (Long Term Evolution, LTE) system or a long
term evolution advanced (Long Term Evolution Advanced,
LTE-Advanced) system, a downlink multiple access mode
generally uses an orthogonal frequency division multiple
access (Orthogonal Frequency Division Multiple Access,
OFDMA) mode. Downlink resources of a system are
divided into a plurality of orthogonal frequency division
multiplexing (Orthogonal Frequency Division Multiple,
OFDM) symbols from the perspective of time, and are
divided into a plurality of subcarriers from the perspective of
frequency.

According to a standard of Release 8, 9 or 10 released by
the LTE (LTE Release 8/9/10), a normal downlink subframe
contains two slots, each slot has 7 (seven) or 6 (six) OFDM
symbols, and therefore a normal downlink subframe con-
tains 14 (fourteen) or 12 (twelve) OFDM symbols totally.
The LTE Release 8/9/10 standard also defines a size of a
resource block (Resource Block, RB), a resource block
includes 12 subcarriers in a frequency domain and has a half
time length of a subframe (i.e., a slot) in a time domain, that
is, the resource block (RE) includes 7 or 6 OFDM symbols.
On a subframe, a pair of resource blocks of two slots is
called a resource block pair (RB pair). During an actual
sending process, a resource block pair used by a physical
resource is also called a physical resource block pair (Physi-
cal RB pair, PRB pair), which is generally called a unit
physical resource block. Therefore, the PRB pair described
in the embodiments of the present invention may be also
called a PRB pair, a physical resource block, a unit physical
resource block, or a physical resource block pair.

Various data borne on a subframe is organized to be
mapped by dividing various physical channels on the physi-
cal time frequency resources of the subframe. The various
physical channels are approximately classified into the fol-
lowing two categories: (1) control channels and (2) traffic
channels Correspondingly, the data borne on a control
channel may be called control data (which may generally be
called control information), and data borne on a traffic
channel may be called traffic data (which may generally be
called data). A fundamental purpose of sending a subframe
is to transmit the traffic data, and a function of the control
channel is to assist in the transmission of the traffic data.

In the LTE system, a complete physical downlink control
channel (Physical Downlink Control Channel, PDCCH)
may be mapped to one or several control channel elements
(Control Channel Element, CCE). According to the LTE
Release 8/9/10, a PDCCH may be mapped to 1, 2, 4, or 8
CCEs, that is, a PDCCH is formed from the 1, 2, 4, or 8
CCEs, which respectively corresponds to an aggregation
level 1, 2, 4, or 8 of the PDCCH.

Due to the introduction of technologies such as multi-user
multiple input multiple output (Multiple Input Multiple
Output, MIMO) and coordinated multiple points (Coordi-
nated Multiple Points, CoMP), a physical downlink control
channel (Physical Downlink Control Channel, PDCCH)
transmitted based on a manner of precoding, that is, an
enhanced physical downlink control channel (Enhanced
Physical Downlink Control Channel, ePDCCH), is intro-
duced, and the ePDCCH multiplexes part of the resources of
a physical downlink shared channel (Physical Downlink
Shared Channel, PDSCH). The ePDCCH allows that a user
equipment (User Equipment, UE), like the PDSCH, is
capable of carrying out demodulation based on specific
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reference signals, that is, demodulation reference signals
(Demodulation Reference Signal, DMRS). Control informa-
tion described in subsequent embodiments of the present
invention mainly refers to the ePDCCH; each ePDCCH may
still be mapped to a number of k logical units such as the
CCE (which is defined as an eCCE in the embodiments of
the present invention), and at a terminal side, the UE may
perform blind detection on eCCEs corresponding to different
aggregation levels. Refer to definitions of the aggregation
levels in the PDCCH. An aggregation level of an ePDCCH
may also be defined as L. (=1, 2, 4, or 8 or the like).
ePDCCHs corresponding to different aggregation levels
may be mapped to a number of L. eCCEs. That is, the L
eCCEs form an ePDCCH, where each eCCE is formed from
at least one eREG.

Refer to FIG. 1A, which is a flow chart of an embodiment
of' a method for transmitting a control channel according to
the present invention.

Step 101: Generating at least one eCCE.

Specifically, at least two PRB pairs for transmitting the
control channel are determined when each eCCE is gener-
ated, where each PRB pair of the at least two PRB pairs
corresponds to multiple eREGs and the multiple eREGs
have eREG attribute information that is not exactly the
same; each eREG is selected from the multiple eREGs
corresponding to each PRB pair, where the selected eREGs
have different eREG attribute information; and an eCCE is
formed from the selected eREGs. That the multiple eREGs
have eREG attribute information that is not exactly the same
may refer to that any two eREGs among the multiple eREGs
have partially different attribute information or completely
different attribute information. Preferably, the selected
eREGs have completely different eREG attribute informa-
tion.

Alternatively, each eREG among the multiple eREGs
includes a specified number of resource elements REs,
resource elements (Res) included in each PRB pair are
divided according to the specified number to obtain multiple
groups, and each group corresponds to an eREG. Alterna-
tively, in a possible implementation manner of this embodi-
ment, the REs in each PRB pair that are used to divide the
eREGs may include all the REs of each PRB pair, or the REs
in each PRB pair that are used to divide the eREGs may
include other optional REs among all the REs of each PRB
pair except a resource element to which reference signals
and/or another control channel is mapped. The reference
signals may include but are not limited to at least one of the
following: common reference signals (Common Reference
Signal, CRS), DMRSs, channel status information reference
signals (Channel Status Information Reference Signal, CSI-
RS), and positioning reference signals (Positioning Refer-
ence Signal, PRS). The another control channel may be
specifically at least one of a physical downlink control
channel (Physical Downlink Control Channel, PDCCH), a
physical control format indicator channel (Physical Control
Format Indicator Channel, PCFICH), and a physical hybrid
ARQ indicator channel (Physical Hybrid ARQ Indicator
Channel, PHICH). The eREG attribute information includes
at least one piece of the following information: resource
location information and resource port number information
of RE resources included in the eREG.

Alternatively, the eREG attribute information includes
resource location information, and that the selected eREGs
have different eREG attribute information refers to that the
selected eREGs have different resource location informa-
tion; or the eREG attribute information includes resource
port number information, and that the selected eREGs have
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different eREG attribute information refers to that the
selected eREGs have different resource port number infor-
mation; or the eREG attribute information includes resource
location information and resource port number information,
and that the selected eREGs have different eREG attribute
information refers to that the selected eREGs have different
resource location information, or that the selected eREGs
have different resource port number information, or that the
selected eREGs have different resource location information
and resource port number information.

Alternatively, the eREG attribute information may further
include the number of punches of an RE, and that the
selected eREGs have different eREG attribute information
may further include that the selected eREGs have different
numbers of punches.

Refer to FIG. 1B, which is a schematic diagram of a PRB
pair according to an embodiment of the present invention.
The PRB pair includes 168 (one hundred and sixty-eight)
REs, includes 12 (twelve) subcarriers in a frequency
domain, and includes 14 (fourteen) OFDM symbols in a
time domain. Each small box represents an RE, and a
shadow with vertical lines indicates an RE to which DMRSs
are mapped. In this embodiment, REs used to divide the
eREGs are on the PRB pair except the RE to which the
DMRSs are mapped, that is, 144 (one hundred and forty-
four) REs totally are on the PRB pair.

In FIG. 1B, 144 REs except the REs to which the DMRSs
are mapped are divided into 16 (sixteen) eREGs, and each
eREG includes 9 (nine) REs, where each RE has corre-
sponding port number information and resource location
information. That is, an information formation manner of an
RE represented by each small box in FIG. 1B is X (Y, 7),
where X indicates a number of an eREG, Y indicates port
number information, and Z indicates resource location infor-
mation; the REs included in a same eREG have the same
port number information and resource location information,
and different eREGs have port number information and
resource location information that are not exactly the same.
For example, an eREG whose number is 1 and an eREG
whose number is 2 have different port number information
(e.g., A and B, respectively) and the same resource location
information (e.g., 0 (zero) for the both). For another
example, the eREG whose number is 1 and an eREG whose
number is 6 have different port number information (e.g., A
and B) and different resource location information (e.g., 0
and 1, respectively).

In combination with FIG. 1B, when it is determined in
step 101 that totally four PRB pairs for transmitting the
control channel exist, each PRB pair among the four PRB
pairs correspondingly includes 16 (sixteen) eREGs shown in
FIG. 1B.

Still in combination with FIG. 1B, it is assumed four PRB
pairs exist, which are PRB pair 0 (PRB0), PRB pair 1
(PRB1), PRB pair 2 (PRB2), and PRB pair 3 (PRB3). When
each eREG is selected from each of the four PRB pairs to
form an eCCE, preferably, the selected eREGs have com-
pletely different port number information and resource loca-
tion information. For example, eREGs forming an eCCE
include: an eREG which is selected from the PRBO and
whose number is 12 (marked as PRBO, port number D, and
location 2), an eREG which is selected from the PRB1 and
whose number is 13 (marked as PRB1, port number A, and
location 3), an eREG which is selected from the PRB2 and
whose number is 2 (marked as PRB2, port number B, and
location 0), and an eREG which is selected from the PRB3
and whose number is 7 (marked as PRB3, port number C,
and location 1). It can be seen that the eREGs forming the
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eCCE have completely different attribute information; that
is, the eREGs belong to different PRBs, have different port
numbers, and have different locations. The example
described above is an example in which the four eREGs are
selected from the four PRBs to form an eCCE. Similar to a
selection manner of the example described above, eREGs
with different attribute information may be also selected
from the four PRB to generate several different eCCEs, and
details are not repeated herein.

Furthermore, the former n (n is a number of 1, 2, or 3)
OFDM symbols on a PRB are generally used for transmit-
ting an existing PDCCH. Therefore, when REs forming an
eREG overlap in location with REs reserved for the
PDCCH, the REs belonging to the PDCCH need to be
removed from the REs of the eREG. The number of the REs
which are located at different resource locations and need to
be removed from the REs reserved for the PDCCH is the
number of punches of the eREG. For example, it is assumed
that the former three OFDM symbols on each PRB pair are
reserved for the PDCCH; for the four eREGs forming an
eCCE in the above example, in the eREG whose number is
12 in the PRBO, the total number of REs which need to be
removed from the former three OFDM symbols in the PRBO
is 2; in the eREG whose number is 13 in the PRBI, the total
number of REs which need to be removed from the former
three OFDM symbols in the PRB1 is 2; in the eREG whose
number is 2 in the PRB2, the total number of REs which
need to be removed from the former three OFDM symbols
in the PRB2 is 3; and in the eREG whose number is 7 in the
PRB3, the total number of REs which need to be removed
from the former three OFDM symbols in the PRB3 is 2. It
can be learned that, the four eREGs forming an eCCE have
the numbers of punches that are not exactly the same (which
may be marked as 2, 2, 3, and 2), and totally 9 (nine) REs
are removed from the punched eCCE, so that it can be
ensured that the eREGs included in different eCCEs have the
same RE length after being punched. For example, if the
number of punches of another eCCE is (2, 3, 2, and 2), 9 REs
are also removed from the eCCE equivalently.

It should be noted that, FIG. 1B merely shows an example
in which a PRB pair includes eREGs, that is, the PRB pair
includes 16 (sixteen) eREGs, and each eREG includes 9
(nine) REs. In an actual practice, the PRB pair may also
include a different number of eREGs, for example, the PRB
pair includes 8 (eight) eREGs and each eREG includes 18
(eighteen) Res, etc, which is not limited in this embodiment
of the present invention.

Step 102: Transmitting the control channel through the at
least one generated eCCE.

The control channel that is determined to be transmitted
in this embodiment of the present invention mainly refers to
an ePDCCH. Multiple eCCEs may be generated according
to Step 101. When the control channel is transmitted,
according to the aggregation level of the control channel, the
control channel may be transmitted through 1 (one), 2 (two),
4 (four), or 8 (eight) eCCEs. Correspondingly, a UE needs
to perform blind detection on the eCCEs for transmitting the
control channel

As can be seen from the above embodiment, this embodi-
ment implements the generation of an eCCE according to an
eREG, so as to transmit an enhanced control channel
through the eCCE; according to the above mapping manner,
a feature of a full frequency diversity of an eCCE is ensured
when the eREGs forming the eCCE belong to different
PRBs, a feature of a full space diversity of an eCCE is
ensured when eREGs forming the eCCE belong to different
resource ports, and the robust performance of an eCCE is
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10
ensured when resource locations of RE resources included in
the eREGs forming the eCCE are different.

Refer to FIG. 2A, which is a flow chart of another
embodiment of a method for transmitting a control channel
according to the present invention.

Step 201: Generating at least one eCCE.

Specifically, at least two PRB pairs for transmitting the
control channel are determined when each eCCE is gener-
ated, where each PRB pair of the at least two PRB pairs
corresponds to multiple eREGs and the multiple eREGs
have eREG attribute information that is not exactly the
same; each eREG is selected from the multiple eREGs
corresponding to each PRB pair, where the selected eREGs
have different eREG attribute information; and an eCCE is
formed from the selected eREGs. That the multiple eREGs
have eREG attribute information that is not exactly the same
may refer to that any two eREGs among the multiple eREGs
have partially different attribute information or completely
different attribute information. Preferably, the selected
eREGs have completely different eREG attribute informa-
tion.

Alternatively, each eREG among the multiple eREGs
includes a specified number of resource elements (REs),
resource elements (REs) included in each PRB pair are
divided according to the specified number to obtain multiple
groups, and each group corresponds to an eREG. Alterna-
tively, in a possible implementation manner of this embodi-
ment, the REs in each PRB pair that are used to divide the
eREGs may include all the REs of each PRB pair, or the REs
in each PRB pair that are used to divide the eREGs may
include other optional REs among all the REs of each PRB
pair except a resource element to which reference signals
and/or another control channel is mapped.

Alternatively, the eREG attribute information includes
resource location information, and that the selected eREGs
have different eREG attribute information refers to that the
selected eREGs have different resource location informa-
tion; or the eREG attribute information includes the resource
port number information, and that the selected eREGs have
different eREG attribute information refers to that the
selected eREGs have different resource port number infor-
mation; or the eREG attribute information includes the
resource location information and resource port number
information, and that the selected eREGs have different
eREG attribute information refers to that the selected eREGs
have different resource location information, or that the
selected eREGs have different resource port number infor-
mation, or that the selected eREGs have different resource
location information and resource port number information.

Alternatively, the eREG attribute information may further
include the number of punches of an RE, and that the
selected eREGs have different eREG attribute information
may further include that the selected eREGs have different
numbers of punches.

In this embodiment, a process of selecting an eREG from
each PRB pair to form an eCCE is consistent with the
description in the embodiment shown in FIG. 1, and there-
fore details are not repeated herein.

Step 202: Selecting at least two eCCEs from the generated
eCCEs, where among eREGs of the at least two eCCEs,
eREGs belonging to a same PRB pair have different resource
port number information.

In this embodiment, when an aggregation level of the
control channel is higher than 1, for example, when the
aggregation level is 2, two eCCEs are required to transmit
the control channel FIG. 1B is still taken as an example. It
is assumed that two eCCEs are marked as eCCEOQ and
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eCCEl, respectively; it is assumed that the four eREGs
forming eCCEO include (PRBO, port number D, and location
2), (PRB1, port number A, and location 3), (PRB2, port
number B, and location 0), and (PRB3, port number C, and
location 1), and four eREGs forming the eCCE1 include
(PRBO, port number A, and location 0), (PRB1, port number
B, and location 1), (PRB2, port number C, and location 2),
and (PRB3, port number D, and location 3). Among the
eREGs forming eCCEOQ and the eREGs forming eCCEl, part
of'the eREGs belong to a same PRB pair. For example, both
the eREG (PRBO, port number D, and location 2) of eCCEO
and the eREG (PRBO, port number A, and location 0) of
eCCE1 belong to PRBO. It is required that the eREGs of
different eCCEs have different port numbers, where the
eREGs belong to the same PRB pair, so as to ensure that the
same PRB at the aggregation level has good space diversity.
For example, although both the eREG (PRBO, port number
D, and location 2) of eCCEQ and the eREG (PRBO, port
number A, and location 0) of eCCE1 belong to PRBO, the
eREGs have different port numbers, which are D and A.

To satisfy that the eREGs in different eCCEs have dit-
ferent port numbers, where the eREGs belong to the same
PRB pair, a manner of numbering the eCCEs shown in FIG.
2B can be used. In FIG. 2B, each column represents an
eCCE. It can be learned from FIG. 2B that when at least two
neighboring eCCEs are selected from FIG. 2B according to
the aggregation level (the maximum aggregation level is 4 in
FIG. 2B), the eREGs in any neighboring eCCEs have
different port numbers, where the eREGs belong to a same
PRB pair.

Step 203: Transmitting the control channel through the
selected at least two eCCEs.

The control channel that is determined to be transmitted
in this embodiment of the present invention mainly refers to
an ePDCCH.

The method embodiment is applied to implement genera-
tion of an eCCE according to an eREG, so as to transmit an
enhanced control channel through the eCCE; because the
eREGs of the eCCE for transmitting the enhanced control
channel have different eREG attribute information, a feature
of a full frequency diversity of the eCCE is ensured when
these eREGs belong to different PRBs, a feature of the full
space diversity of the eCCE is ensured when these eREGs
belong to different resource ports, and robust performance of
the eCCE is ensured when resource locations of RE
resources included in these eREGs are different.

It should be noted that, for brevity, the foregoing method
embodiments are represented as a series of actions. How-
ever, persons skilled in the art should understand that the
present application is not limited to the order of the
described actions, because according to the present inven-
tion, some steps may adopt other order or occur simultane-
ously. It should be further understood by persons skilled in
the art that the described embodiments all belong to exem-
plary embodiments, and the involved actions and modules
are not necessarily required by the present application.

In the foregoing embodiments, the description of each of
the embodiments has different focuses. For a part that is not
described in detail in a certain embodiment, reference may
be made to relevant descriptions in other embodiments.

Corresponding to the embodiment of the method for
transmitting a control channel according to the present
invention, the present invention further provides an embodi-
ment of an apparatus for transmitting a control channel and
an embodiment of a device for transmitting a control chan-
nel
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Refer to FIG. 3, which is a block diagram of an embodi-
ment of an apparatus for transmitting a control channel
according to the present invention.

The apparatus includes: a generation unit 310 and a
transmission unit 320, where:

the generation unit 310 is configured to generate at least
one enhanced control channel element (eCCE);

the transmission unit 320 is configured to transmit the
control channel through the at least one eCCE generated by
the generation unit 310; and

the generation unit 310 is specifically configured to deter-
mine at least two physical resource block (PRB) pairs for
transmitting the control channel when each eCCE is gener-
ated, where each PRB pair of the at least two PRB pairs
corresponds to multiple enhanced resource element groups
(eREGs) and the multiple eREGs have eREG attribute
information that is not exactly the same; and select an eREG
from the multiple eREGs corresponding to each PRB pair,
where the selected eREGs have different eREG attribute
information, and form an eCCE with the selected eREGs.

Alternatively, each eREG among the multiple eREGs
includes a specified number of resource elements (REs),
resource elements (REs) included in each PRB pair are
divided according to the specified number to obtain multiple
groups, and each group corresponds to an eREG.

Alternatively, the eREG attribute information includes
resource location information, and that the selected eREGs
have different eREG attribute information refers to that the
selected eREGs have different resource location informa-
tion; or the eREG attribute information includes resource
port number information, and that the selected eREGs have
different eREG attribute information refers to that the
selected eREGs have different resource port number infor-
mation; or the eREG attribute information includes resource
location information and resource port number information,
and that the selected eREGs have different eREG attribute
information refers to that the selected eREGs have different
resource location information, or that the selected eREGs
have different resource port number information, or that the
selected eREGs have different resource location information
and resource port number information.

Alternatively, the eREG attribute information may further
include the number of punches of an RE, and that the
selected eREGs have different eREG attribute information
may further include that the selected eREGs have different
numbers of punches.

Refer to FIG. 4, which is a block diagram of an embodi-
ment of an apparatus for transmitting a control channel
according to the present invention.

The apparatus includes: a generation unit 410, a selection
unit 420, and a transmission unit 430, where:

the generation unit 410 is configured to generate at least
one enhanced control channel element (eCCE);

the selection unit 420 is configured to select at least two
eCCEs from the eCCEs generated by the generation unit
410, where among eREGs of the at least two eCCEs, eREGs
belonging to a same PRB pair have different resource port
number information; and the transmission unit 430 is con-
figured to transmit the control channel through the at least
two eCCEs selected by the selection unit 420.

The generation unit 310 is specifically configured to
determine at least two physical resource block PRB pairs for
transmitting the control channel when each eCCE is gener-
ated, where each PRB pair of the at least two PRB pairs is
corresponding to multiple enhanced resource element
groups eREGs and the multiple eREGs have eREG attribute
information that is not exactly the same; and select an eREG
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from the multiple eREGs corresponding to each PRB pair,
where the selected eREGs have different eREG attribute
information, and form an eCCE with the selected eREGs.

Alternatively, each eREG among the multiple eREGs
includes a specified number of resource elements (REs),
resource elements (REs) included in each PRB pair are
divided according to the specified number to obtain multiple
groups, and each group corresponds to an eREG.

Alternatively, the eREG attribute information includes
resource location information, and that the selected eREGs
have different eREG attribute information refers to that the
selected eREGs have different resource location informa-
tion; or the eREG attribute information includes resource
port number information, and that the selected eREGs have
different eREG attribute information refers to that the
selected eREGs have different resource port number infor-
mation; or the eREG attribute information includes resource
location information and resource port number information,
and that the selected eREGs have different eREG attribute
information refers to that the selected eREGs have different
resource location information, or that the selected eREGs
have different resource port number information, or that the
selected eREGs have different resource location information
and resource port number information.

Alternatively, the eREG attribute information may further
include the number of punches of an RE, and that the
selected eREGs have different eREG attribute information
may further include that the selected eREGs have different
numbers of punches.

Refer to FIG. 5, which is a block diagram of an embodi-
ment of a device for transmitting a control channel accord-
ing to the present invention.

The device includes: a processor 510 and a transmitter
520, where:

the processor 510 is configured to generate at least one
enhanced control channel element eCCE; and

the transmitter 520 is configured to transmit the control
channel through the at least one eCCE generated by the
processor 510.

The processor 510 is specifically configured to determine
at least two physical resource block PRB pairs for transmit-
ting the control channel when each eCCE is generated,
where each PRB pair of the at least two PRB pairs corre-
sponds to multiple enhanced resource element groups
eREGs and the multiple eREGs have eREG attribute infor-
mation that is not exactly the same; and select each eREG
from the multiple eREGs corresponding to each PRB pair,
where the selected eREGs have different eREG attribute
information, and form an eCCE with the selected eREGs.

Alternatively, each eREG among the multiple eREGs
includes a specified number of resource elements (REs),
resource elements (REs) included in each PRB pair are
divided according to the specified number to obtain multiple
groups, and each group corresponds to an eREG.

Alternatively, the eREG attribute information includes
resource location information, and that the selected eREGs
have different eREG attribute information refers to that the
selected eREGs have different resource location informa-
tion; or the eREG attribute information includes resource
port number information, and that the selected eREGs have
different eREG attribute information refers to that the
selected eREGs have different resource port number infor-
mation; or the eREG attribute information includes resource
location information and resource port number information,
and that the selected eREGs have different eREG attribute
information refers to that the selected eREGs have different
resource location information, or that the selected eREGs

20

25

30

35

40

45

50

55

60

65

14

have different resource port number information, or that the
selected eREGs have different resource location information
and resource port number information.

Alternatively, the eREG attribute information may further
include the number of punches of an RE, and that the
selected eREGs have different eREG attribute information
may further include that the selected eREGs have different
numbers of punches.

As can be seen from the above embodiment, in this
embodiment of the present invention, at least one eCCE is
generated and a control channel is transmitted through the at
least one eCCE; when each eCCE is generated, at least two
PRB pairs for transmitting the control channel are deter-
mined, where each PRB pair of the at least two PRB pairs
is corresponding to multiple eREGs and the multiple eREGs
have eREG attribute information that is not exactly the
same; each eREG is selected from the multiple eREGs
corresponding to each PRB pair, where the selected eREGs
have different eREG attribute information; and an eCCE is
formed from the selected eREGs. This embodiment of the
present invention is applied to implement the generation of
an eCCE according to an eREG, so as to transmit an
enhanced control channel through the eCCE; because the
eREGs of the eCCE for transmitting the enhanced control
channel have different eREG attribute information, a feature
of full frequency diversity of the eCCE is ensured when
these eREGs belong to different PRBs, a feature of full space
diversity of the eCCE is ensured when these eREGs belong
to different resource ports, and robust performance of the
eCCE is ensured when resource locations of RE resources
included in these eREGs are different.

The term “and/or” in the embodiments of the present
invention indicates only an association between associated
objects, and represents that three relationships may exist, for
example, A and/or B may represent the three cases: Only A
exists, both A and B exist, and only B exists. In addition, the
character “/” in this document generally represents that the
former and latter associated objects are in an “or” relation-
ship.

Persons skilled in the art may clearly understand that
technologies in the embodiments of the present invention
may be implemented using software plus a necessary uni-
versal hardware platform. Based on such an understanding,
the technical solutions in the embodiments of the present
invention essentially or the part contributing to the prior art
may be implemented in the form of a software product. The
computer software product may be stored in a storage
medium such as a ROM/RAM, a magnetic disk, or an optical
disk, and include several instructions for instructing a com-
puter device (which may be a personal computer, a server,
or a network device) to perform the methods described in the
embodiments of the present invention or in some parts of the
embodiments.

The embodiments in the specification are described in a
progressive manner, and reference may be made between the
same or similar parts of the embodiments. Every embodi-
ment illustrates in emphasis what is different from the other
embodiments. In particular, for the system embodiment,
since it is basically similar to the method embodiments, the
system embodiment is described simply, and for related
parts, reference may be made to a part of the descriptions of
the method embodiments.

The above implementation manners of the present inven-
tion do not constitute a limitation to the protection scope of
the present invention. Any modification, equivalent replace-
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ment, and improvement made within the principle of the
present invention should fall within the protection scope of
the present invention.

What is claimed is:

1. A method for transmitting a control channel, compris-
ing:

generating at least one enhanced control channel element
(eCCE);

transmitting the control channel through the at least one
eCCE, wherein generating each eCCE comprises:

determining four physical resource block (PRB) pairs,
wherein each PRB pair of the four PRB pairs comprises
sixteen enhanced resource element groups (eREGs)
twelve subcarriers in a frequency domain and fourteen
Orthogonal Frequency Division Multiple (OFDM)
symbols in a time domain;

144 resource elements (REs), comprising all REs except
REs to which Demodulation Reference Signals
(DMRSs) are mapped, are divided into sixteen eREGs,
with each eREG comprising nine REs;

information of each RE comprises X and Z, where X
indicates a number of eREGs, Z indicates resource
location information and Z is 0, 1, 2, or 3;

the 144 REs are numbered, using the X, cyclically from
the first integer of sixteen consecutive integers to the
last integer of sixteen consecutive integers in an
increasing order of frequency first and then time;

in a case where the X is equal to the first integer of the
sixteen consecutive integers, the second integer of the
sixteen consecutive integers, the third integer of the
sixteen consecutive integers or the forth integer of the
sixteen consecutive integers, the Z is equal to O;

in a case where the X is equal to the fifth integer of the
sixteen consecutive integers, the sixth integer of the
sixteen consecutive integers, the seventh integer of the
sixteen consecutive integers or the eighth integer of the
sixteen consecutive integers, the Z is equal to 1;

in a case where the X is equal to the ninth integer of the
sixteen consecutive integers, the tenth integer of the
sixteen consecutive integers, the eleventh integer of the
sixteen consecutive integers or the twelfth integer of
the sixteen consecutive integers, the Z is equal to 2;

in a case where the X is equal to the thirteenth integer of
the sixteen consecutive integers, the fourteenth integer
of the sixteen consecutive integers, the fifteenth integer
of the sixteen consecutive integers or the last integer of
the sixteen consecutive integers, the Z is equal to 3;

selecting four eREGs from the four PRB pairs respec-
tively, wherein the resource location information of
four selected eREGs are different from each other; and

generating one eCCE of the at least one eCCE with the
four selected eREGs.

2. The method according to claim 1, wherein the four

selected eREGs have different numbers of punches.

3. The method according to claim 1, wherein before
transmitting the control channel through the at least one
eCCE, the method further comprises:

selecting at least two eCCEs from the generated at least
one eCCE, wherein among eREGs of the at least two
eCCEs, eREGs belonging to a same PRB pair have
different resource port number information; and

wherein the transmitting the control channel through the
at least one eCCE comprises transmitting the control
channel through the selected at least two eCCEs.

4. A device for transmitting a control channel, comprising:

a processor configured to generate at least one enhanced
control channel element (eCCE); and
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a transmitter coupled to the processor and configured to
transmit the control channel through the at least one
eCCE generated by the processor, wherein the proces-
sor is configured to:
determine four physical resource block (PRB) pairs,

wherein each PRB pair of the four PRB pairs com-
prises sixteen enhanced resource element groups
(eREGs), twelve subcarriers in a frequency domain
and fourteen Orthogonal Frequency Division Mul-
tiple (OFDM) symbols in a time domain;

144 resource elements (REs), comprising all REs
except REs to which Demodulation Reference Sig-
nals (DMRSs) are mapped, are divided into the
sixteen eREGs, with each eREG comprising nine
REs;

information of each RE comprises X and Z, where X
indicates a number of an eREG, Z indicates resource
location information and Z is 0, 1, 2, or 3;

the 144 REs are numbered, using the X, cyclically from
the first integer of sixteen consecutive integers to the
last integer of sixteen consecutive integers in an
increasing order of first frequency and then time;

in a case where the X is equal to the first integer of the
sixteen consecutive integers, the second integer of
the sixteen consecutive integers, the third integer of
the sixteen consecutive integers or the forth integer
of the sixteen consecutive integers, the Z is equal to
0;

in a case where the X is equal to the fifth integer of the
sixteen consecutive integers, the sixth integer of the
sixteen consecutive integers, the seventh integer of
the sixteen consecutive integers or the eighth integer
of the sixteen consecutive integers, the Z is equal to
1;

in a case where the X is equal to the ninth integer of the
sixteen consecutive integers, the tenth integer of the
sixteen consecutive integers, the eleventh integer of
the sixteen consecutive integers or the twelfth integer
of the sixteen consecutive integers, the Z is equal to
2;

in a case where the X is equal to the thirteenth integer
of the sixteen consecutive integers, the fourteenth
integer of the sixteen consecutive integers, the fif-
teenth integer of the sixteen consecutive integers or
the last integer of the sixteen consecutive integers,
the Z is equal to 3;

select four eREGs from the four PRB pairs respectively
to form an eCCE, wherein the resource location
information of four selected eREGs are different
from each other; and

generate one eCCE of the at least one eCCE with the
four selected eREGs.

5. The device according to claim 4, wherein the four
selected eREGs have different numbers of punches.

6. The device according to claim 4, wherein the processor
is further configured to select at least two eCCEs from the
generated at least one eCCE, wherein among eREGs of the
at least two eCCEs, eREGs belonging to a same PRB pair
have different resource port number information; and

the transmitter is specifically configured to transmit the
control channel through the selected at least two
eCCE:s.

7. A non-transitory computer readable medium compris-
ing processor-executable instructions, which when executed
causes a processor to implement the following for transmit-
ting a control channel:
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generating at least one enhanced control channel element
(eCCE);
transmitting the control channel through the at least one
eCCE, wherein generating each eCCE comprises:
determining four physical resource block (PRB) pairs,
wherein each PRB pair of the four PRB pairs comprises
sixteen enhanced resource element groups (eREGs),
twelve subcarriers in a frequency domain and fourteen
Orthogonal Frequency Division Multiple (OFDM)
symbols in a time domain;
144 resource elements (REs), comprising all REs except
REs to which Demodulation Reference Signals
(DMRSs) are mapped, are divided into sixteen eREGs,
with each eREG comprising nine REs;
information of each RE comprises X and Z, where X
indicates a number of eREGs, Z indicates resource
location information and Z is 0, 1, 2, or 3;
the 144 REs are numbered, using the X, cyclically from
the first integer of sixteen consecutive integers to the
last integer of sixteen consecutive integers in an
increasing order of frequency first and then time;
in a case where the X is equal to the first integer of the
sixteen consecutive integers, the second integer of
the sixteen consecutive integers, the third integer of
the sixteen consecutive integers or the forth integer
of the sixteen consecutive integers, the Z is equal to
0;

in a case where the X is equal to the fifth integer of the
sixteen consecutive integers, the sixth integer of the
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in a case where the X is equal to the ninth integer of the
sixteen consecutive integers, the tenth integer of the
sixteen consecutive integers, the eleventh integer of
the sixteen consecutive integers or the twelfth integer
of the sixteen consecutive integers, the Z is equal to
2;
in a case where the X is equal to the thirteenth integer
of the sixteen consecutive integers, the fourteenth
integer of the sixteen consecutive integers, the fif-
teenth integer of the sixteen consecutive integers or
the last integer of the sixteen consecutive integers,
the Z is equal to 3;
selecting four eREGs from the four PRB pairs respec-
tively, wherein the resource location information of
four selected eREGs are different from each other; and
generating one eCCE of the at least one eCCE with the
four selected eREGs.

8. The non-transitory computer readable medium accord-
ing to claim 7, wherein before transmitting the control
channel through the at least one eCCE, the instructions
further causes the processor to implement:

selecting at least two eCCEs from the generated at least

one eCCE, wherein among eREGs of the at least two
eCCEs, eREGs belonging to a same PRB pair have
different resource port number information; and
wherein the transmitting the control channel through the
at least one eCCE comprises transmitting the control
channel through the selected at least two eCCEs.

9. The non-transitory computer readable medium accord-
ing to claim 7, wherein the four selected eREGs have
different numbers of punches.
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